. However, previous studies are mainly limited to the dielectric to semiconductor cases such as III-V/SiO 2 to Si. For non-Si substrate, it is generally required to apply new surface activation process. In this study, we propose a "dielectric to dielectric" bonding method mediated by surface activated ALD Al 2 O 3 , which is not strict to environment, temperature and vacuum.
As shown in Fig 1, 10nm -thick Al 2 O 3 interfacial layers are deposited onto chemical cleaned Si wafer pairs using ALD. Immediately, the two wafers are manually pre-bonded at room temperature in 1000-class clean room air ambient after surface activation by O 2 RIE plasma and N 2 RIE plasma. O 2 plasma is used for -OH terminated surface formation, whereas N 2 plasma is for dangling bonds creation. Then the wafer pairs are bonded at room temperature by AST-Tbon 100 bonder and annealed at 330 for 8 hours. A wafer thinning process is required to achieve appropriate thickness for active layers.
The scanning acoustic microscope (SAM) image for bonded Si/Al 2 O 3 /Si structure with a layer of Al 2 O 3 at the bonding interface is shown in Fig 2. The wafer pairs are bonded uniformly but a few of voids are observed due to trapped particles. As shown in the inset, about 98% of the whole area is effectively bonded . Fig 2 also shows the relationship between the ratio of effective bond area and O 2 RIE plasma activation power. When N 2 plasma power is 100W and O 2 plasma power varies from 50W to 200W, the bond area are nearly identical.
To sum up, in this work, a novel way is provided to bond any wafers, which are compatible with low temperature ALD technique for advanced 3D ICs. Fig. 1 . Schematic of the sequential O 2 +N 2 plasma surface activated bonding process in this study. 
